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(54) ALL SOLID LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To relax remaining stress 
according to lithium ion diffusion within solid electrolyte 
particles, eliminate deterioration in internal resistance 
over a long period of time, and provide a battery with 
small capacity deterioration. 



SOLUTION: A lithium secondary battery assembled by 
interposing a solid electrolyte 5 between a positive 
electrode and a negative electrode both made of an 
active material and sealing them in an outer package has 
the solid electrolyte made of a sintered body containing 
a lithium transition metal composite oxide having at least 
one kind of layer structure of U2Mn03 f Li2Ti03, and a~ 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It sets to the lithium secondary battery which pinched the solid electrolyte between 
the positive electrodes and negative electrodes which consist of an active material, and was 
enclosed with it in the sheathing package, and they are Li2 Mn03, Li2 Ti03, or alpha-LiAlO 2 
about said solid electrolyte. All solid-state lithium secondary batteries characterized by forming 
with the sintered compact containing the lithium transition-metals multiple oxide which has at 
least one kind of rock salt mold layer structure inside. 

[Claim 2] In the lithium secondary battery which pinched the solid electrolyte between the 
positive electrodes and negative electrodes which consist of an active material, and was 
enclosed with it in the sheathing package It is said positive electrode Lix Mn2-x 04 or 
(1.05<=X<=1.2) Lix NiY Mn2~X-Y04 of spinel type structure While forming with a sintered 
compact (1 .0<=X<=1 .2, 0.4<=Y<0.6) They are Lix Mn2-x 04 of spinel type structure, or 
(1.25<=X<=1.40) Lix Ti2-x 04 about said negative electrode. All solid-state lithium secondary 
batteries characterized by forming with a sintered compact (1.25<=X<=1.40). 



[Translation done.] 
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* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to all the solid-state lithium secondary 
batteries that pinch a solid electrolyte between the positive electrodes and negative electrodes 
which consist of an active material, and are enclosed with it in a sheathing package about all 
solid-state lithium secondary batteries. 
[0002] 

[Description of the Prior Art] There is a remarkable thing in high-performance-izing and a 
miniaturization of a notebook computer in recent years, a cellular phone, etc. of a portable 
electronic device, and the cell used for these pocket device requires the much more formation of 
a high energy consistency and the much more miniaturization. 

[0003] As what meets such a demand, the lithium secondary battery using the ejection and 
insertion of a lithium ion is studied briskly. 

[0004] However, since the conventional lithium secondary battery is using nonaqueous 
electrolyte, it has a problem of the rise of the internal resistance by a liquid spill of the 
electrolytic solution or deposit of the electrolytic-solution decomposition product in an active 
material front face. 

[0005] In order to solve such a problem, development of all the solid-state lithium secondary 
batteries that do not use any electrolytic solution is considered. 

[0006] JP,6-1 1 1831, A — Mn02 or a lithium compound is reacted to the front face of the 
positive electrode which consists of an alkali-metal manganese multiple oxide — making — Li2 
Mn03 of a solid electrolyte Making it generate is advocated. According to this approach, since 
the adhesion of a positive electrode and a solid electrolyte is good, there is an advantage that 
interfacial resistance is low. 

[0007] However, Li2 Mn03 Since it acts also as an active material which has charge and 
discharge potential in the 3V neighborhood, the very thing may check the charge-and-discharge 
reaction of a positive electrode, and the expansion contraction by the ejection and insertion of a 
lithium ion may also produce destruction of solid-state structure from a certain thing in that 
case, and, at this rate, it cannot serve as a solid electrolyte which can be used over a long 
period of time. 

[0008] Furthermore, by JP,6-1 1 1831, A, when using a solid electrolyte, and an active material 
carries out expansion contraction at the time of the charge and discharge of an indispensable 
place, the method of avoiding the danger that the contact in the interface of an electrode and a 
solid electrolyte will be lost is not stated. 

[0009] Moreover, in JP,6-275314,A, while using transition-metals oxide as a positive electrode, 
the lithium secondary battery which consists of a sulfide system lithium ion conductivity solid 
electrolyte with the ionic conductivity of bulk higher than an oxide system lithium ion 
conductivity solid electrolyte as a solid electrolyte is advocated. 

[0010] However, since oxygen and the moisture of a minute amount decompose and a sulfide 
loses the work as a solid electrolyte, it has the fault that it can be hard to obtain a reliable cell. 
[0011] This invention is made in view of the trouble of such a conventional technique, a solid 



http:/ / www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2008/01/09 



JP,2001-068149,A [DETAILED DESCRIPTION] 



2/6 <<—is 



electrolyte and an electrode carry out expansion contraction, and contact of the interface of a 
solid electrolyte and an electrode is spoiled, and it aims at offering all the solid-state lithium 
secondary batteries that canceled the conventional trouble that a solid electrolyte decomposed 
with oxygen and the moisture of a minute amount. 
[0012] 

[Means for Solving the Problem] It sets to the lithium secondary battery which pinched the solid 
electrolyte between the positive electrodes and negative electrodes which consist of an active 
material in all the solid-state lithium secondary batteries concerning claim 1 f and was enclosed 
with it in the sheathing package in order to attain the above-mentioned purpose, and they are 
Li2 Mn03, Li2 Ti03, or alpha-LiAlO 2 about said solid electrolyte. It is characterized by forming 
with the sintered compact containing the lithium transition-metals multiple oxide which has at 
least one kind of rock salt mold layer structure inside. 

[0013] moreover, in all the solid-state lithium secondary batteries concerning claim 2 In the 
lithium secondary battery which pinched the solid electrolyte between the positive electrodes 
and negative electrodes which consist of an active material, and was enclosed with it in the 
sheathing package It is said positive electrode Lix Mn2-x 04 or (1.05<=X<=1 .2) Lix NiY Mn2-X-Y 
04 of spinel type structure While forming with a sintered compact (1 .0<=X<=1 .2, 0.4<=Y<0.6) 
They are Lix Mn2-x 04 of spinel type structure, or (1.25<=X<=1.40) Lix Ti2-x 04 about said 
negative electrode. It is characterized by forming with a sintered compact (1 25<=X<=1 40) 
[0014] 

[Embodiment of the Invention] Hereafter, the operation gestalt of invention concerning each 
claim is explained, the sectional view showing the example of a configuration of all the solid- 
state lithium secondary batteries of invention which drawing 1 requires for claim 1 and claim 2 — 
it is 1 — a positive-electrode can and 2 — for the insulating section and 5, as for a negative 
electrode and 7, a solid electrolyte and 6 are [ a positive-electrode current collection layer and 

3 / a positive electrode and 4 / a negative-electrode current collection layer and 8 ] negative- 
electrode cans. A sheathing package consists of a positive-electrode can 1, a negative- 
electrode can 8, and the insulating section 4. 

[0015] In a solid electrolyte 5, it is Li2 Mn03. Or Li2 Ti03 Or alpha-LiAlO 2 It uses. This solid 
electrolyte has the layer structure of a rock salt mold. 

[0016] as the raw material which constitutes (1) solid-electrolyte fine particles or a solid 
electrolyte in order to produce a solid electrolyte 5 — LiOH, LiOH~H2 O, and Li2 C03 etc. — 
with a lithium compound titanium compounds, such as manganese compounds, such as MnO, 
Mn02, and MnOOH, or Ti02, or aluminum 203 etc. — with an aluminium compound How to judge 
and sinter, after distributing the water or the organic solvent in which the shaping assistant was 
dissolved, adjusting a slurry, carrying out tape forming of this slurry and drying, Or the approach 
of sintering, after adding a direct or shaping assistant, corning the raw material which constitutes 
(2) solid electrolytes or a solid electrolyte, supplying to metal mold and carrying out pressing with 
a press machine etc. is used. 

[0017] As an usable shaping assistant, one sort or two sorts or more of mixture, such as 
polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 
hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 
[0018] The active material which consists of Lix Mn2-x 04 or (1 .05<=X<=1 .2) Lix NiY Mn2~X~Y 

04 of spinel type structure (1 .0<=X<=1 .2, 0.4<=Y<0.6) is used for a positive electrode 3. 
[0019] Here, if the effectiveness of suppressing the expansion contraction at the time of charge 
and discharge is not enough if X of Lix Mn2-x 04 (1 .05<=X<=1 .2) is smaller than 1.05, and X is 
larger than 1.2, since the fall of charge-and-discharge capacity is remarkable, the advantage 
used for a positive electrode will be spoiled. 

[0020] Moreover, although it is the positive-electrode ingredient of high potential, since nickel 
will not have dissolved and Lix NiY Mn2-X-Y 04 (1.0<=X<=1.2 f 0.4<=Y<0.6) will generate an 
impurity phase if sufficient high potential will not be obtained as compared with Lix Mn2-x 04 
(1.05<=X<=1.2) if this Y is smaller than 0.4, and Y becomes 0.6 or more, it is not desirable. 
[0021] The active material which consists of Lix Mn2~x 04 of spinel type structure or 
(1.25<=X<=1.40) Lix Ti2-x 04 (1 .25<=X<=1.40) is used for a negative electrode 6. The 
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effectiveness of suppressing the expansion contraction at the time of charge and discharge if X 
of Lix Mn2-x 04 or (1.25<=X<=1.40) Lix Ti2-x 04 (1.25<=X<=1.40) is smaller than 1.25 here is 
not enough, and since a lithium will not have dissolved and an impurity phase will be generated if 
X is larger than 1.4, it is not desirable. 

[0022] The raw material which constitutes (1) active material, a solid electrolyte, or a solid 
electrolyte in order to produce a positive electrode 3 and a negative electrode 6, Distribute the 
water or the organic solvent in which the electric conduction agent and the shaping assistant 
were dissolved, and a slurry is adjusted. How to judge and sinter, after carrying out tape forming 
of this slurry and drying, Or the approach of sintering, after adding a direct or shaping assistant, 
corning the raw material which constitutes (2) active materials, a solid electrolyte, or a solid 
electrolyte, and an electric conduction agent, supplying to metal mold and carrying out pressing 
with a press machine etc. is used. 

[0023] As an usable shaping assistant, one sort or two sorts or more of mixture, such as 
polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 
hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 
[0024] as the electric conduction agent added by a positive electrode 3 and the negative 
electrode 6 — W03 etc. — it is. 

[0025] The sintering conditions of a solid electrolyte 5, a positive electrode 3, and a negative 
electrode 6 are suitably chosen from 30 minutes within the limits of 30 hours according to the 
synthetic conditions of the presentation of an active material or a solid electrolyte, an active 
material, or a solid electrolyte, or the size of a sintered compact at 500 to 900 degrees C. 
[0026] The positive-electrode current collection layer 2 and the negative-electrode current 
collection layer 7 consist of electroconductive glue which has been arranged for contact to the 
positive-electrode can 1, a positive electrode 3, or the negative-electrode can 8 and a negative 
electrode 6, and current collection, for example, contained conductive particles, such as gold, 
silver, copper, aluminum, nickel, and conductive carbon. 

[0027] It is arranged in order that the positive-electrode can 1 and the negative-electrode can 8 
may prevent inhibition of the charge-and-discharge reaction by the moisture in atmospheric air, 
and in order to use as a terminal of a positive electrode 3 and a negative electrode 6, for 
example, the sheet metal of metals, such as aluminum, copper, nickel, stainless steel, and 
titanium, is used. 

[0028] In order that the insulating section 4 may prevent the internal short circuit of a positive 
electrode 3 and a negative electrode 6, it is arranged, for example, macromolecules, such as 
polyethylene, polypropylene, and polyimide, are used. 

[0029] A sheathing package consists of a positive-electrode can 1, the insulating section 4, and 

a negative-electrode can 8. 

[0030] 

[Example 1] as positive active material — Li 1.1 Mn 1.904 as 90wt(s)% and a solid electrolyte — 
Li2 Mn03 as a 3wt(s)% and electric conduction agent — W03 7wt(s)% — with the included 
positive-electrode Plastic solid as a solid electrolyte — Li2 Mn03 100wt(s)% — with the 
included solid electrolyte Plastic solid as a negative-electrode active material — Li1.33Mn 
1.6704 as 90wt(s)% and a solid electrolyte — Li2 Mn03 as a 3wt(s)% and electric conduction 
agent — W03 7wt(s)% — the laminating of the included negative-electrode Plastic solid was 
carried out, and all solid-state lithium secondary battery components were produced by 
processing at 750 degrees C for 20 hours. 

[0031] As for the size of all the produced solid-state lithium secondary battery components, for 
the positive electrode, 100 micrometers and a solid electrolyte were [ 10 micrometers and the 
negative electrode of phi 10mm and thickness ] 100 micrometers 
[0032] 

[Example 2] as positive active material — Li 1.0 nickel0.5 Mn 1.504 as 90wt(s)% and a solid 
electrolyte — Li2 Mn03 as a 3wt(s)% and electric conduction agent — W03 7wt(s)% — with the 
included positive-electrode Plastic solid as a solid electrolyte — Li2 Mn03 100wt(s)% — with 
the included solid electrolyte Plastic solid as a negative-electrode active material — Li1.33Ti 
1.6704 as 90wt(s)% and a solid electrolyte — Li2 Ti03 as a 3wt(s)% and electric conduction 
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agent — W03 7wt(s)% — the laminating of the included negative-electrode Plastic solid was 
carried out, and all solid-state lithium secondary battery components were produced by 
processing at 750 degrees C for 20 hours. 

[0033] As for the size of all the produced solid-state lithium secondary battery components, for 
the positive electrode, 100 micrometers and a solid electrolyte were [ 10 micrometers and the 
negative electrode of phi 10mm and thickness ] 100 micrometers. 
[0034] (What has what kind of the layer structure ?) 
[0035] 

[Example 3] as positive active material — Li1.1 Mn 1.904 as 90wt(s)% and a solid electrolyte — 
Li2 Mn03 as a 3wt(s)% and electric conduction agent — W03 7wt(s)% — with the included 
positive-electrode Plastic solid as a solid electrolyte — Li2 Ti03 100wt(s)% — with the included 
solid electrolyte Plastic solid as a negative-electrode active material — Li1.33Mn 1.6704 as 
90wt(s)% and a solid electrolyte — Li2 Mn03 as a 3wt(s)% and electric conduction agent — W03 
7wt(s)% — the laminating of the included negative-electrode Plastic solid was carried out and all 
solid-state lithium secondary battery components were produced by processing at 750 degrees 
C for 20 hours. 

[0036] As for the size of all the produced solid— state lithium secondary battery components, for 
the positive electrode, 100 micrometers and a solid electrolyte were [ 10 micrometers and the 
negative electrode of phi 10mm and thickness ] 100 micrometers. 
[0037] 

[Example 4] as positive active material — Li 1.0 nickel0.5 Mn 1.504 as 90wt(s)% and a solid 
electrolyte — Li2 Mn03 as a 3wt(s)% and electric conduction agent — W03 7wt(s)% — with the 
included positive-electrode Plastic solid as a solid electrolyte — gamma-LiAlO 2 100wt(s)% — 
with the included solid electrolyte Plastic solid as a negative-electrode active material — 
Li1.33Ti 1.6704 as 90wt(s)% and a solid electrolyte — Li2 Ti03 as a 3wt(s)% and electric 
conduction agent — W03 The laminating of the included negative-electrode Plastic solid which 
was included is carried out. 7wt(s)% — All solid-state lithium secondary battery components 
were produced by processing at 750 degrees C for 20 hours. 

[0038] As for the size of all the produced solid-state lithium secondary battery components, for 
the positive electrode, 100 micrometers and a solid electrolyte were [ 10 micrometers and the 
negative electrode of phMOmm and thickness ] 100 micrometers. 
[0039] 

[The example 1 of a comparison] as positive active material — LiMn 204 as a 93wt(s)% and 
electric conduction agent — W03 7wt(s)% — the front face of the included positive-electrode 
sintered compact — LiOH and Mn02 applying — the inside of air — 375 degrees C — 8 hours - 
- heat-treating — Li2 Mn03 with a thickness of 10 micrometers The solid electrolyte layer was 
formed. The metal lithium negative electrode was stuck on the solid electrolyte layer, and all 
solid-state lithium secondary batteries were produced. 

[0040] As for the size of all the produced solid-state lithium secondary battery components, for 
the positive electrode, 100 micrometers and a solid electrolyte were [ 10 micrometers and the 
negative electrode of phi 10mm and thickness ] 100 micrometers. 

[0041] The configuration of the forward negative-electrode active material of examples 1-4 and 
the example 1 of a comparison and a solid electrolyte is collectively shown in Table 1. 
[0042] All solid-state lithium secondary batteries were produced because insert in each 
component into a polyethylene ring with the outer diameter of 12mm, a bore [ of 1 1mm ] t and a 
height of 220 micrometers and it pinches and carries out thermocompression bonding to the 
aluminum sheet metal of two sheets in an argon. 

[0043] It is 100microA/cm2 about all the produced solid-state lithium secondary batteries. 
Charge-and-discharge capacity was measured with current density. The result is shown in Table 
2. 

[0044] 
[Table 1] 
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[0045] 
[Table 2] 
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[0046] as Table 2 showing — a solid electrolyte — Li2 Mn03 Lil.1 Mn 1.904 with expansion 
contraction small to a positive electrode according a sintered compact to charge and discharge 
Li1.33Mn 1.6704 with the expansion contraction small to a negative electrode by charge and 
discharge It is Li2 Mn03 to the used example 1 and a solid electrolyte. A sintered compact LM.O 
nickeI0.5 Mn 1.504 with the expansion contraction small to a positive electrode by charge and 
discharge Li1.33Ti 1.6704 which does not have the expansion contraction by charge and 
discharge in a negative electrode The used example 2 LiMn 204 which is a positive electrode It 
is solid electrolyte Li2 Mn03 to a sintered compact front face. The capacity retention after 100 
cycles improved from the formed example 1 of a comparison. 

[0047] Although the example 1 and the example 2 did not have abnormalities in the sample after 
charge-and-discharge measurement termination, in the example 1 of a comparison, it is weak 
and the powder considered that the positive electrode and the solid electrolyte were collapsed 
and generated was also checked. 

[0048] Therefore, in the example 1 of a comparison, the expansion contraction at the time of the 
residual stress accompanying the lithium ion diffusion in the solid electrolyte which is not 
pressed down and charge and discharge is controlled in an example 1 and the example 2, the 
contact in the interface of solid electrolyte particles and the interface of an electrode and a 
solid electrolyte is not lost, but it is surmised that capacity degradation was also suppressed. 
[0049] Furthermore, it is Li2 Ti03 as a solid electrolyte to the combination of the same forward 
negative electrode as an example 1. As for the example 3 using a sintered compact, an example 
1 and the effectiveness more than equivalent were seen. 

[0050] Furthermore, it is gamma-LiAlO 2 as a solid electrolyte to the combination of the same 
forward negative electrode as an example 2. As for the example 3 using a sintered compact, an 
example 2 and the effectiveness more than equivalent were seen. 
[0051] 

[Effect of the Invention] According to all the solid-state lithium secondary batteries concerning 
claim 1, a solid electrolyte As mentioned above, Li2 Mn03, Li2 Ti03 or alpha-UAlO 2 From 
having formed with the sintered compact containing the lithium transition-metals multiple oxide 
which has the layer structure of at least one kind of rock salt mold inside A grain boundary will 
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exist in a solid electrolyte, the residual stress accompanying the lithium ion diffusion in a solid 
electrolyte particle is eased, and there is no degradation of internal resistance over a long period 
of time, therefore a cell with little capacity degradation can be offered. 

[0052] Moreover, according to all the solid-state lithium secondary batteries concerning claim 2, 
it is a positive electrode Lix Mn2-x 04 or (1 .05<=X<=1 .2) Lix NiY Mn2-X-Y 04 of spinel type 
structure While forming with a sintered compact (1 .0<=X<=1 .2, 0.4<=Y<0.6) They are Lix Mn2-x 
04 of spinel type structure, or (1.25<=X<=1.40) Lix Ti2~x 04 about a negative electrode. From 
having formed with the sintered compact (1 .25<=X<=1 .40) Without spoiling contact of the 
interface of an electrode and a solid electrolyte, since it is small to extent which there is no 
expansion contraction at the time of the charge and discharge of these active materials, or 
hardly becomes a problem, there is no degradation of internal resistance over a long period of 
time, therefore a cell with little capacity degradation can be offered. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] Especially this invention relates to all the solid-state lithium secondary 
batteries that pinch a solid electrolyte between the positive electrodes and negative electrodes 
which consist of an active material, and are enclosed with it in a sheathing package about all 
solid-state lithium secondary batteries. 



[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to all the solid-state lithium secondary batteries concerning 
claim 1, a solid electrolyte As mentioned above, Li2 Mn03, Li2 Ti03 or alpha-LiAlO 2 From 
having formed with the sintered compact containing the lithium transition-metals multiple oxide 
which has the layer structure of at least one kind of rock salt mold inside A grain boundary will 
exist in a solid electrolyte, the residual stress accompanying the lithium ion diffusion in a solid 
electrolyte particle is eased, and there is no degradation of internal resistance over a long period 
of time, therefore a cell with little capacity degradation can be offered. 

[0052] Moreover, according to all the solid-state lithium secondary batteries concerning claim 2, 
it is a positive electrode Lix Mn2-x 04 or (1 .05<=X<=1.2) Lix NiY Mn2-X~Y 04 of spinel type 
structure While forming with a sintered compact (1.0<=X<=1.2, 0.4<=Y<0.6) They are Lix Mn2-x 
04 of spinel type structure, or (1.25<=X<=1.40) Lix Ti2-x 04 about a negative electrode. From 
having formed with the sintered compact (1.25<=X<=1.40) Without spoiling contact of the 
interface of an electrode and a solid electrolyte, since it is small to extent which there is no 
expansion contraction at the time of the charge and discharge of these active materials, or 
hardly becomes a problem, there is no degradation of internal resistance over a long period of 
time, therefore a cell with little capacity degradation can be offered. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Description of the Prior Art] There is a remarkable thing in high-performance-izing and a 
miniaturization of a notebook computer in recent years, a cellular phone, etc. of a portable 
electronic device, and the cell used for these pocket device requires the much more formation of 
a high energy consistency and the much more miniaturization. 

[0003] As what meets such a demand, the lithium secondary battery using the ejection and 
insertion of a lithium ion is studied briskly. 

[0004] However, since the conventional lithium secondary battery is using nonaqueous 
electrolyte, it has a problem of the rise of the internal resistance by a liquid spill of the 
electrolytic solution or deposit of the electrolytic-solution decomposition product in an active 
material front face. 

[0005] In order to solve such a problem, development of all the solid-state lithium secondary 
batteries that do not use any electrolytic solution is considered. 

[0006] JP,6-1 1 1 831 ,A — Mn02 or a lithium compound is reacted to the front face of the 
positive electrode which consists of an alkali-metal manganese multiple oxide — making — Li2 
Mn03 of a solid electrolyte Making it generate is advocated. According to this approach, since 
the adhesion of a positive electrode and a solid electrolyte is good, there is an advantage that 
interfacial resistance is low. 

[0007] However, Li2 Mn03 Since it acts also as an active material which has charge and 
discharge potential in the 3V neighborhood, the very thing may check the charge-and-discharge 
reaction of a positive electrode, and the expansion contraction by the ejection and insertion of a 
lithium ion may also produce destruction of solid-state structure from a certain thing in that 
case, and, at this rate, it cannot serve as a solid electrolyte which can be used over a long 
period of time. 

[0008] Furthermore, by JP,6-1 1 1831, A, when using a solid electrolyte, and an active material 
carries out expansion contraction at the time of the charge and discharge of an indispensable 
place, the method of avoiding the danger that the contact in the interface of an electrode and a 
solid electrolyte will be lost is not stated. 

[0009] Moreover, in JP,6-275314,A, while using transition-metals oxide as a positive electrode, 
the lithium secondary battery which consists of a sulfide system lithium ion conductivity solid 
electrolyte with the ionic conductivity of bulk higher than an oxide system lithium ion 
conductivity solid electrolyte as a solid electrolyte is advocated. 

[0010] However, since oxygen and the moisture of a minute amount decompose and a sulfide 
loses the work as a solid electrolyte, it has the fault that it can be hard to obtain a reliable cell. 
[001 1] This invention is made in view of the trouble of such a conventional technique, a solid 
electrolyte and an electrode carry out expansion contraction, and contact of the interface of a 
solid electrolyte and an electrode is spoiled, and it aims at offering all the solid-state lithium 
secondary batteries that canceled the conventional trouble that a solid electrolyte decomposed 
with oxygen and the moisture of a minute amount. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] It sets to the lithium secondary battery which pinched the solid 
electrolyte between the positive electrodes and negative electrodes which consist of an active 
material in all the solid-state lithium secondary batteries concerning claim 1, and was enclosed 
with it in the sheathing package in order to attain the above-mentioned purpose, and they are 
Li2 Mn03, Li2 Ti03, or alpha-LiAlO 2 about said solid electrolyte. It is characterized by forming 
with the sintered compact containing the lithium transition-metals multiple oxide which has at 
least one kind of rock salt mold layer structure inside. 

[0013] moreover, in all the solid-state lithium secondary batteries concerning claim 2 In the 
lithium secondary battery which pinched the solid electrolyte between the positive electrodes 
and negative electrodes which consist of an active material, and was enclosed with it in the 
sheathing package It is said positive electrode Lix Mn2-x 04 or (1 .05<=X<=1 .2) Lix NiY Mn2-X-Y 
04 of spinel type structure While forming with a sintered compact (1.0<=X<=1 .2, 0.4<=Y<0.6) 
They are Lix Mn2-x 04 of spinel type structure, or (1 .25<=X<=1 .40) Lix Ti2-x 04 about said 
negative electrode. It is characterized by forming with a sintered compact (1.25<=X<=1 40) 
[0014] 

[Embodiment of the Invention] Hereafter, the operation gestalt of invention concerning each 
claim is explained, the sectional view showing the example of a configuration of all the solid- 
state lithium secondary batteries of invention which drawing 1 requires for claim 1 and claim 2 — 
it is 1 a positive-electrode can and 2 — for the insulating section and 5, as for a negative 
electrode and 7, a solid electrolyte and 6 are [ a positive-electrode current collection layer and 

3 / a positive electrode and 4 / a negative-electrode current collection layer and 8 ] negative- 
electrode cans. A sheathing package consists of a positive-electrode can 1, a negative- 
electrode can 8, and the insulating section 4. 

[0015] In a solid electrolyte 5, it is Li2 Mn03. Or Li2 Ti03 Or alpha-LiAlO 2 It uses. This solid 
electrolyte has the layer structure of a rock salt mold. 

[0016] as the raw material which constitutes (1) solid-electrolyte fine particles or a solid 
electrolyte in order to produce a solid electrolyte 5 — LiOH, LJOH-H2 O, and Li2 C03 etc. — 
with a lithium compound titanium compounds, such as manganese compounds, such as MnO, 
Mn02, and MnOOH, or Ti02, or aluminum 203 etc. — with an aluminium compound How to judge 
and sinter, after distributing the water or the organic solvent in which the shaping assistant was 
dissolved, adjusting a slurry, carrying out tape forming of this slurry and drying, Or the approach 
of sintering, after adding a direct or shaping assistant, corning the raw material which constitutes 
(2) solid electrolytes or a solid electrolyte, supplying to metal mold and carrying out pressing with 
a press machine etc. is used. 

[0017] As an usable shaping assistant, one sort or two sorts or more of mixture, such as 
polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 
hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 
[0018] The active material which consists of Lix Mn2-x 04 or (1 .05<=X<=1 .2) Lix NiY Mn2-X-Y 

04 of spinel type structure (1 .0<=X<=1 .2, 0.4<=Y<0.6) is used for a positive electrode 3. 
[0019] Here, if the effectiveness of suppressing the expansion contraction at the time of charge 
and discharge is not enough if X of Lix Mn2-x 04 (1 .05<=X<=1 .2) is smaller than 1.05, and X is 
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larger than 1.2, since the fall of charge-and-discharge capacity is remarkable, the advantage 
used for a positive electrode will be spoiled. 

[0020] Moreover, although it is the positive-electrode ingredient of high potential, since nickel 
will not have dissolved and Lix NiY Mn2~X~Y 04 (1 .0<=X<=1.2, 0.4<=Y<0.6) will generate an 
impurity phase if sufficient high potential will not be obtained as compared with Lix Mn2-x 04 
(1.05<=X<=1.2) if this Y is smaller than 0.4, and Y becomes 0.6 or more, it is not desirable. 
[0021] The active material which consists of Lix Mn2-x 04 of spinel type structure or 
(1.25<=X<=1.40) Lix Ti2-x 04 (1.25<=X<=1.40) is used for a negative electrode 6. The 
effectiveness of suppressing the expansion contraction at the time of charge and discharge if X 
of Lix Mn2-x 04 or (1.25<=X<=1.40) Lix Ti2-x 04 (1.25<=X<=1.40) is smaller than 1.25 here is 
not enough, and since a lithium will not have dissolved and an impurity phase will be generated if 
X is larger than 1.4, it is not desirable. 

[0022] The raw material which constitutes (1) active material, a solid electrolyte, or a solid 
electrolyte in order to produce a positive electrode 3 and a negative electrode 6, Distribute the 
water or the organic solvent in which the electric conduction agent and the shaping assistant 
were dissolved, and a slurry is adjusted. How to judge and sinter, after carrying out tape forming 
of this slurry and drying, Or the approach of sintering, after adding a direct or shaping assistant, 
corning the raw material which constitutes (2) active materials, a solid electrolyte, or a solid 
electrolyte, and an electric conduction agent, supplying to metal mold and carrying out pressing 
with a press machine etc. is used. 

[0023] As an usable shaping assistant, one sort or two sorts or more of mixture, such as 
polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 
hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 
[0024] as the electric conduction agent added by a positive electrode 3 and the negative 
electrode 6 — W03 etc. — it is. 

[0025] The sintering conditions of a solid electrolyte 5, a positive electrode 3, and a negative 
electrode 6 are suitably chosen from 30 minutes within the limits of 30 hours according to the 
synthetic conditions of the presentation of an active material or a solid electrolyte, an active 
material, or a solid electrolyte, or the size of a sintered compact at 500 to 900 degrees C. 
[0026] The positive-electrode current collection layer 2 and the negative-electrode current 
collection layer 7 consist of electroconductive glue which has been arranged for contact to the 
positive-electrode can 1, a positive electrode 3, or the negative-electrode can 8 and a negative 
electrode 6, and current collection, for example, contained conductive particles, such as gold, 
silver, copper, aluminum, nickel, and conductive carbon. 

[0027] It is arranged in order that the positive-electrode can 1 and the negative-electrode can 8 
may prevent inhibition of the charge-and-discharge reaction by the moisture in atmospheric air, 
and in order to use as a terminal of a positive electrode 3 and a negative electrode 6, for 
example, the sheet metal of metals, such as aluminum, copper, nickel, stainless steel, and 
titanium, is used. 

[0028] In order that the insulating section 4 may prevent the internal short circuit of a positive 
electrode 3 and a negative electrode 6, it is arranged, for example, macromolecules, such as 
polyethylene, polypropylene, and polyimide, are used. 

[0029] A sheathing package consists of a positive-electrode can 1, the insulating section 4, and 

a negative-electrode can 8. 

[0030] 

[Example 1] as positive active material — Li 1.1 Mn 1.904 as 90wt(s)% and a solid electrolyte — 
Li2 Mn03 as a 3wt(s)% and electric conduction agent — W03 7wt(s)% — with the included 
positive-electrode Plastic solid as a solid electrolyte — Li2 Mn03 100wt(s)% — with the 
included solid electrolyte Plastic solid as a negative-electrode active material — Li1.33Mn 
1.6704 as 90wt(s)% and a solid electrolyte — Li2 Mn03 as a 3wt(s)% and electric conduction 
agent — W03 7wt(s)% — the laminating of the included negative-electrode Plastic solid was 
carried out, and all solid-state lithium secondary battery components were produced by 
processing at 750 degrees C for 20 hours. 

[0031] As for the size of all the produced solid— state lithium secondary battery components, for 
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the positive electrode, 100 micrometers and a solid electrolyte were [ 10 micrometers and the 

negative electrode of philOmm and thickness ] 100 micrometers. 

[0032] 

[Example 2] as positive active material — Li 1.0 nickel0.5 Mn 1.504 as 90wt(s)% and a solid 
electrolyte — Li2 Mn03 as a 3wt(s)% and electric conduction agent — W03 7wt(s)% — with the 
included positive-electrode Plastic solid as a solid electrolyte — Li2 Mn03 100wt(s)% — with 
the included solid electrolyte Plastic solid as a negative-electrode active material — Li1.33Ti 
1.6704 as 90wt(s)% and a solid electrolyte — Li2 Ti03 as a 3wt(s)% and electric conduction 
agent — W03 7wt(s)% — the laminating of the included negative-electrode Plastic solid was 
carried out, and all solid-state lithium secondary battery components were produced by 
processing at 750 degrees C for 20 hours. 

[0033] As for the size of all the produced solid-state lithium secondary battery components, for 
the positive electrode, 100 micrometers and a solid electrolyte were [ 10 micrometers and the 
negative electrode of phi 10mm and thickness ] 100 micrometers. 
[0034] (What has what kind of the layer structure ?) 
[0035] 

[Example 3] as positive active material — LM.1 Mn 1.904 as 90wt(s)% and a solid electrolyte — 
Li2 Mn03 as a 3wt(s)% and electric conduction agent — W03 7wt(s)% — with the included 
positive-electrode Plastic solid as a solid electrolyte — Li2 Ti03 100wt(s)% — with the included 
solid electrolyte Plastic solid as a negative-electrode active material — Li1.33Mn 1.6704 as 
90wt(s)% and a solid electrolyte — Li2 Mn03 as a 3wt(s)% and electric conduction agent — W03 
7wt(s)% — the laminating of the included negative-electrode Plastic solid was carried out, and all 
solid-state lithium secondary battery components were produced by processing at 750 degrees 
C for 20 hours. 

[0036] As for the size of all the produced solid-state lithium secondary battery components, for 
the positive electrode, 100 micrometers and a solid electrolyte were [ 10 micrometers and the 
negative electrode of phi 10mm and thickness ] 100 micrometers. 
[0037] 

[Example 4] as positive active material — Li 1.0 nickel0.5 Mn 1.504 as 90wt(s)% and a solid 
electrolyte — Li2 Mn03 as a 3wt(s)% and electric conduction agent — W03 7wt(s)% — with the 
included positive-electrode Plastic solid as a solid electrolyte — gamma-LiAlO 2 100wt(s)% — 
with the included solid electrolyte Plastic solid as a negative-electrode active material — 
Li1.33Ti 1.6704 as 90wt(s)% and a solid electrolyte — Li2 Ti03 as a 3wt(s)% and electric 
conduction agent — W03 The laminating of the included negative-electrode Plastic solid which 
was included is carried out. 7wt(s)% — All solid-state lithium secondary battery components 
were produced by processing at 750 degrees C for 20 hours. 

[0038] As for the size of all the produced solid-state lithium secondary battery components, for 
the positive electrode, 100 micrometers and a solid electrolyte were [ 10 micrometers and the 
negative electrode of philOmm and thickness ] 100 micrometers. 
[0039] 

[The example 1 of a comparison] as positive active material — LiMn 204 as a 93wt(s)% and 
electric conduction agent — W03 7wt(s)% — the front face of the included positive-electrode 
sintered compact — LiOH and Mn02 applying — the inside of air — 375 degrees C — 8 hours - 
- heat-treating — Li2 Mn03 with a thickness of 10 micrometers The solid electrolyte layer was 
formed. The metal lithium negative electrode was stuck on the solid electrolyte layer, and all 
solid-state lithium secondary batteries were produced. 

[0040] As for the size of all the produced solid-state lithium secondary battery components, for 
the positive electrode, 100 micrometers and a solid electrolyte were [ 10 micrometers and the 
negative electrode of philOmm and thickness ] 100 micrometers. 

[0041] The configuration of the forward negative-electrode active material of examples 1-4 and 
the example 1 of a comparison and a solid electrolyte is collectively shown in Table 1. 
[0042] All solid-state lithium secondary batteries were produced because insert in each 
component into a polyethylene ring with the outer diameter of 12mm, a bore [ of 1 1mm ], and a 
height of 220 micrometers and it pinches and carries out thermocompression bonding to the 
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aluminum sheet metal of two sheets in an argon. 

[0043] It is 1 00microA/cm2 about all the produced solid-state lithium secondary batteries. 
Charge-and-discharge capacity was measured with current density. The result is shown in Table 
2. 

[0044] 
[Table 1] 
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[0045] 
[Table 2] 
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[0046] as Table 2 showing — a solid electrolyte — Li2 Mn03 Li 1.1 Mn 1.904 with expansion 
contraction small to a positive electrode according a sintered compact to charge and discharge 
Li1.33Mn 1.6704 with the expansion contraction small to a negative electrode by charge and 
discharge It is Li2 Mn03 to the used example 1 and a solid electrolyte. A sintered compact LM.O 
nickelO.5 Mn 1 .504 with the expansion contraction small to a positive electrode by charge and 
discharge Li1.33Ti 1.6704 which does not have the expansion contraction by charge and 
discharge in a negative electrode The used example 2 LiMn 204 which is a positive electrode It 
is solid electrolyte Li2 Mn03 to a sintered compact front face. The capacity retention after 100 
cycles improved from the formed example 1 of a comparison. 

[0047] Although the example 1 and the example 2 did not have abnormalities in the sample after 
charge-and-discharge measurement termination, in the example 1 of a comparison, it is weak 
and the powder considered that the positive electrode and the solid electrolyte were collapsed 
and generated was also checked. 

[0048] Therefore, in the example 1 of a comparison, the expansion contraction at the time of the 
residual stress accompanying the lithium ion diffusion in the solid electrolyte which is not 
pressed down and charge and discharge is controlled in an example 1 and the example 2, the 
contact in the interface of solid electrolyte particles and the interface of an electrode and a 
solid electrolyte is not lost, but it is surmised that capacity degradation was also suppressed. 
[0049] Furthermore, it is Li2 Ti03 as a solid electrolyte to the combination of the same forward 
negative electrode as an example 1. As for the example 3 using a sintered compact, an example 
1 and the effectiveness more than equivalent were seen. 

[0050] Furthermore, it is gamma-LiAlO 2 as a solid electrolyte to the combination of the same 
forward negative electrode as an example 2. As for the example 3 using a sintered compact, an 
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example 2 and the effectiveness more than equivalent were seen. 
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precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the example of a configuration of the coin type all 
solid-state lithium secondary battery in this invention. 
[Description of Notations] 

1 [ The insulating section (sheathing package), 5 / A solid electrolyte, 6 / .. A negative 
electrode, 7 / .. A negative-electrode current collection layer, 8 / .. Negative-electrode can 
(sheathing package) ] .... A positive-electrode can (sheathing package), 2 A positive-electrode 
current collection layer, 3 A positive electrode, 4 



[Translation done.] 



http:/ / www4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje 



2008/01/09 



JP,2001-068149,A [DRAWINGS] 



1/1 ^— v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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HM5UiSr«J*.5a*a»+»T* < , ifcX^i. 2 J; 9 

[0020] £ fc, Li, N i v Mn z-x-v O, ( 1 . 
01X^1. 2, 0. 4^Y<0. 6) lt£<9Mmu.(D 
jE1&WfrX'hZ>1>\ Z<DYtfQ. 4 X L i , 

Mn 2 -, O4 (1. 0 5^X^1. 2) iLit&LX+ft 

[00 2 1] 6 tai, * K'^frmmmO Li, Mn 
2-, O, (1. 25^X^1. 40) JftlJLi, Ti 
2-, O, (1. 25SXS1. 40) *»P>fi)t-5ffiteWSr 
fflV^o ::tL i , Mrih O, (1. 2 5gX^ 

1. 4 0) SfcaLi, Tis O, (1. 25^XS 
1. 40) CXji]. 2 5 J;iJ/h£<^£, 5tik«B#(7)gr' 

[0 0 2 2] IE«l3i3J:t/A*6Srff*[-t5K:i±. 
(1) @**lfK^fcl4@ft*H?K^«fi)c-r5 
JS». Wtflk :l3J:im»Jftffl***tf3itfc**;fcH: 
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*>3V*tt (2) S#jfC, Btt«#SC*fcfiB#«#«* 

*mz.xmm lt&si~&a lt ^^^mxmmm^ t 
[0023] xmm^m^mmMt ltu. w*. 

fJjK y T ^ y /Ug?, */U*>->^ ^/u-feyun — y 

10 [0 0 2 4] jESsjoith'^eicj^iD^ns^m^Jt 

LTIiWOs f£}?&foZ>o 

[0 0 2 5] BftSft?K5, ]Effi3, tS£Xf&m6<Dm 

^mt, 5 0 cc^tj 9 0 ott-3 oftfrb 3 omw\ 
<ommnx\ ^mm^tzitm»mmm<Dm^ -mmwz 

j£ lt ileitis; $ti 5 „ 

[0026] m*ms 2 js ii>*^s*ms 7 ts, ii 

©ltjE«3, fc5VM4A<ite8 i:A1l6 i: 
20 A, =7^/K *«tt*-#>3fc4f©**tttfc^-Sr^ 
[0 0 2 7] lEffife 1 fciO^ASfc 8 i±. 

¥<D&m<r>mm*m^btih, 

[0 0 2 8] iffe^aJ 4 14, Effi 3 t Mm 6 t ©rtti5M^ 

30 [0 0 2 9] jE^mi , $6^4, fc-iU!ftffifB8 kX 
[0 0 3 0] 

[HJSfiSJl J iE«S#)Ki: LTL i ,., Mm, O, £ 
9 Ow t%, Bft«^K<>: LTL i 2 MnO, ^3w t 
%, jSSfflt LTWOs ^7wt 
t> ifflfiftLTLi! MnO. 1 0 0 w t %"a 

A-tzmfcmmmmmk. %m&%m.k ltl i ,. 3 3 m 

n,« O, ^9 0wt%, BMiSIiLtLi, Mn 
0= 3 w t %, ^affl t LTWOs ?r 7 w t 
40 H«JsR»»Sr«JiLr, 7 5 0tT*2 0^f«t5: 

[0 0 3 1 ] f^K Lfc^Bft: y ^ 9 A - i*®)fe*T(D-y- 
YXUd, l 0 mm, J?$I4jE^^ 1 0 0 ai m, BftHfl? 
io f m, ^11^ 1 0 0 u mTfeofc 0 
[0 0 3 2] 

[HJSCT2] jEHfS^Ki: LTL i ,.. Ni,, Mn 

,.s o, sr90wt%, mfcmnmk ltl i , Mno 

3 Ir3wt %, ^fli^J £ LTWOs & 7 w t %#A/fciE 
HfjfeJf^ftt, IftllfffiLTLi! MnO £ 1 0 0 
50 w t %^A,fc*Bft*^KfiE^ftt , *ffii£*Jff i: LTL 



(4) 



T i i.67 0< Sr9 0wt%, I*t»IHTL 
i> T i O3 S:3w t%, 3MI#Ji LTWO. 4:7 wt 

%^^^l^^*s:aILT, 7 5 o°ct*2 o^mm 

[0 0 3 3] f^K L tii* !l f ? A-fttft*^ © t 
1 0 mm, ffSttjEffiiS 1 0 0 ju m, gftffift? 

[0 0 3 4] OSM tJQJb: 2 &M&fflit£ tot^j 

_2_) 10 

[0 0 3 5] 

[Si*«3l]EjiSWtLtLi,.. Mn>, £ 
9 0 w t %, HffSfifgi: LT L i 2 MnO; £ 3 w t 

%, ^«^'Ji LTWO3 £ 7 w t %^^teat»fle 

ir> [§<*Sft?lffi: ITL i 2 T i Ch £l 0 Ow t %^ 

n..« 0< 5r90wt% B(*t)!fStULi2 Mn 
Ch ^3wt%, itffltlTWOj S:7wt%^fc* 
*«J*»ffSr«JiLT, 7 5 0 , C-C2 0«FWI«UIi-5r: 

[0 0 3 6] ffKLfc^Htfy^^A-RWft*^* 

>f Xl4* 1 Omm, ff SIliEffi^ 1 0 0 ju m, mfcMM 
10/im, 100/i mT'fcofco 

[0 0 3 7] 

IH*0lf4] JElSg»lIi:LTL i 1.. Nio, Mn 
... O, &90wt% |*i)i?ftlTLi2 MnO 
3 £3wt%. mmmt LTWO. S:7wt%^fc*jE 
Htt««Ki:LTy-L i A 1 O2 Sri 0 

ow t%^Astmi$mnmmmt. ^m^mt lx 

L i T i i.67 0< £ 9 Ow t @#WM9lk LT*30 
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* L i ? T i 0 3 Sr 3 w t %, «fil&<J t LTWOj Sr 7 w 
t %^/vtz^A,tz1kmmmi:miBLX, 7 5 0tf2 

0 «fiB«iai- sitci^) ^nff y ^ «> a - ^a^*-?- 

[0 0 3 8] f^KLfc^Hfty^^A-ftfl**^^ 
>f X[4* 3 Omm, J?£(4IEfe> 100/im, @{£fit$? 
M"^ 10/im, 100/i m"c'fcofc 0 

[0 0 3 9] 

[Jt««l 1 jE«S»«£ LTL iMn 2 0< £9 3w 
t%. ^W^JirLTWOs Sr 7 w t %^A/*f jE«*«# 
©S®CLiOHtMn0 2 Sr^ffi U SS^tCT 3 7 
5°CT8B#^SiMSLT, 1 0 jzmOL i 2 MnO 

[0 0 4 0] ^ Lfc^Sfr i) f AZiJcift^^ © t 

] 0 /i m. Mfafr 1 0 0 u mffcofc. 
[0 04 1] HJ£#J 1 ~ 4 , tfctfcM 1 <DJ££ffi?S««, 

[0 0 4 2] #^(73^^-T/l'^>'t l (i-C, JUl 2m 
m, rtSl 1mm, 2 2 0 // m<Dtf V US ]) y 

[0 0 4 3] ^Lfc^lfty ^-!>A-^fl;?fetCO^T 

1 ooji a/ c m* <7)^$it®mx~3tMcm®mzmjEL 
fcc 2 

[0 0 4 4] 
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L 2 M 
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3fcJBr**EeB (v) 


(mAh/g) 


100 149*!* ff) 
<%) 




0 . O — 2 . O 


7 5 


8 9. O 


2 


2 . 5 - 4 . 5 


7 6 


9 1.5 


3 


O . 0 — 2 . O 


8 1 


9 0. 1 




2 . 5 ~ 4 . 5 


8 5 


92, 9 


tt««l 1 


3 . O — 4 . 3 


6 9 


6 5.0 



[0 0 4 6 J S 2 <b il 9, Sftll^SClCL i . 10 

l/^Li,., Mn,.. O, fimz1t1&m.fc£i>BMM 
|gtf>/h£^L i i.a Mn,67 O, ^rffl^fcHJi^I 1 , *3 
iUWWfiffCf-L i , MnO> jEffiKfcik 
Sl-J;5^M«lX^©/hJ^L i ... Nio.£ Mn,, O 
« 4-, ^Slc^mi-iSE'IftiRlfiW.c^L i ,.33 Ti 
O. £ffll^cHJ£#j2li, Eit'&5LiMn : O 

tfcMi £0 i o of-^A^o^S^^ftJbLfc,, 

[0047] nig#j i *5 <£ i/nira 2 (t%nmm^j 20 

[0 0 4 8] LWot, tt&Ml -C(4fflIxe>tLTV^i 
£»»i$<0»llgi|5U8#. Hife^J 1 *i iVHJfefiaj 2 Ttt» 

[0049] nig^j 1 1 m ciE&m<Dm%.&iz> 30 
-arte, @#mfi?ic£ l-cl i 2 t i o 3 m&tt&m^iz 
nmm 3 « % nisw i £ ra^a±«)S»** s a e>nfc. 

[0050] ^pjid, HJ60IJ2 tm\iiE^m<r>m.^t> 

BMIftLty-LiAlO, j8&gfc£ffl^ 

fc*jfei?i)3ii, naffli 2 tiRi»euioa**j!.?>nfc. 

[0 0 5 1] 

T-pA.Z&fBi&tw.fcixtf, [i L i , Mn 



Os , Liz TiOi „ $ fclia - L i A I Oj CO 5 *> 

'>fc <Hi fi«©sii5yra«#-;«ii^*i-5 V f ? a 
[0052] m%if.2\zW;Z£mwv?-VJ*-£. 

Mflifc£tl\f, t e ^^Mt#itC) L i , Mn*-, 

O, (1. 0 5^X^1. 2) JMLi, Ni, Mn 
2S -v O, (1. O^Xgl. 2, 0. 4^Y<0. 
6) &&fre^J&-f5££t>lc, ftffi£*tf*A-3!«it 
cOLi. Mn 2 -, O, (1. 25^X^1. 4 0) 
fi L i , Ti;--, 0< ( 1 . 2 5^X^1. 40) 

[mfficoffi^^iftie] 

[Hi] *»Wlc*srt5 3-<^S^Hfty?-5'Ai:** 
If^OTK] 

1 lEffiffi 5?) . 2 IE4i&SJe. 

3 iEffi, 4 *6^|fi5 W&k*y>r— 9 y) , 5 

Bftm#«L 6 AH, 7 ftliftflJi. 8 * 
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